A prospective, observational study of critically ill patients with septic and nonseptic AKI was performed from September 2000 to December 2001 at 54 hospitals in 23 countries. A total of 1753 patients were enrolled. Sepsis was considered the cause in 833 (47.5%); the predominant sources of sepsis were chest and abdominal (54.3%). Septic AKI was associated with greater aberrations in hemodynamics and laboratory parameters, greater severity of illness, and higher need for mechanical ventilation and vasoactive therapy. There was no difference in enrollment kidney function or in the proportion who received renal replacement therapy (RRT; 72 versus 71%; P ‫؍‬ 0.83). Oliguria was more common in septic AKI (67 versus 57%; P < 0.001). Septic AKI had a higher in-hospital case-fatality rate compared with nonseptic AKI (70.2 versus 51.8%; P < 0.001). After adjustment for covariates, septic AKI remained associated with higher odds for death (1.48; 95% confidence interval 1.17 to 1.89; P ‫؍‬ 0. 
A cute kidney injury (AKI) is a common complication of critical illness (1, 2) . The development of AKI increases patient morbidity, predicts higher mortality, and consumes considerable health resources (3) (4) (5) (6) (7) . The cause of AKI in critically ill patients is often multifactorial. Sepsis, a highly prevalent syndrome that prompts admission to intensive care, is a leading precipitant of AKI (1,8 -11) . Between 45 and 70% of all AKI is considered associated with sepsis (1,9 -11) .
The discrimination of septic and nonseptic AKI may have clinical relevance for clinicians. For example, recent evidence suggested that septic AKI may be characterized by a distinct pathophysiology (12) (13) (14) . Thus, septic AKI may be unique and, as such, may have differences in clinical outcomes and responses to interventions when compared with nonseptic AKI.
Regrettably, only a few clinical studies have focused on the presentation, profile, and outcome of septic AKI (11, 15, 16) . Two small, single-center studies found that AKI occurred in 11 to 16% of critically ill patients who presented with sepsis (15, 16) . Neveu et al. (11) , however, reported that AKI was of septic origin in 46% of cases and associated with a significantly higher hospital mortality than nonseptic AKI. A recent large, multicenter, epidemiologic investigation of severe AKI in critically ill patients, called the Beginning and Ending Supportive Therapy for the Kidney (BEST Kidney) Study, collected information that offers a unique opportunity to expand our understanding of the combined syndromes of sepsis and AKI (1) .
Accordingly, in view of the limited data on septic AKI and its likely importance, we sought to describe the clinical characteristics of critically ill patients with septic compared with nonseptic AKI. In addition, we investigated whether the presence of sepsis as a major contributing factor to AKI portends a different clinical course and overall prognosis.
Materials and Methods

Study Protocol
This study used a database from a large, prospective, multinational, multicenter, observational cohort study of critically ill patients with severe AKI. The study was conducted at 54 centers across 23 countries from September 2000 to December 2001, as described previously (1) . The research ethics board at each participating center reviewed the study protocol before commencement.
Study Population
All patients who were aged Ͼ12 yr (selected intensive care units [ICU] treated adolescents) and admitted to a participating ICU with evidence of AKI were eligible for study inclusion. The operational definition and criteria for AKI were (1) oliguria defined as urine output Ͻ200 ml over 12 h, (2) marked azotemia defined as a serum urea Ͼ30 mmol/L (84 mg/dl), and/or (3) need for acute renal replacement therapy (RRT). Patients with preexisting ESRD, those who were treated with RRT before admission to ICU or for drug toxicity, and those who did not fulfill at least one predefined criterion for AKI were excluded.
Data Collection
All data were prospectively collected on standardized data forms. Data variables collected included patient age, gender, body weight, presence of premorbid chronic kidney disease (any evidence of abnormal serum creatinine or creatinine clearance before hospital admission), type of admission, and primary diagnosis. Pre-ICU serum creatinine values were used to calculate the proportion of patients who fulfilled the RIFLE (risk-injury-failure-loss-ESRD) categories of injury and failure at the time of ICU admission (17) . Numerous clinical and physiologic details were also collected, including those that compose the Simplified Acute Physiology score (SAPS II) and Sequential Organ Failure Assessment score (18, 19) . Several a priori predisposing factors for development of AKI were determined as described elsewhere (1) . Sepsis was diagnosed on clinical grounds by the attending clinician using published consensus criteria (20) , and the primary source/diagnosis was documented. Surrogates of kidney function (serum creatinine, urea, and urine output) were documented at ICU admission, at study enrollment, and at ICU and hospital discharge. Several details of RRT were documented, including modality, timing from enrollment, and duration. Renal recovery was defined as independence from RRT. Outcome data were documented on ICU and hospital lengths of stay and on ICU and hospital survival.
Statistical Analyses
Analysis was performed using Stata version 8.2 (Stata Corp., College Station, TX). Normally or near normally distributed variables are presented as means and SD and compared using the t test. Non-normally distributed continuous data are presented as medians and interquartile ranges (IQR) and compared using the Mann-Whitney U test. Categorical data were compared with Fisher exact test. Data were missing for Ͻ1% of outcomes and when incomplete were not replaced and a lower denominator (n) was reported. Follow-up duration was calculated from study enrollment or diagnosis of AKI to either death or hospital discharge. The survivorship functions of the septic and nonseptic AKI groups are presented as Kaplan-Meier curves. Equality in the estimated survivorship functions was determined by the log-rank test. A multivariate logistic regression model was developed to determine the impact of septic versus nonseptic AKI on hospital mortality. Initial model variables included the covariates country, age, gender, baseline kidney function (normal, impaired, or unknown), admission type (surgical versus medical), SAPS II score, need for RRT, sepsis AKI, and variables with complete data and a P Յ 0.20 in univariate analysis. Backward elimination was performed by the likelihood ratio method to develop a final parsimonious model. Model adequacy was assessed using the area under the receiver operator characteristic curve and the Hosmer-Lemeshow goodness-of-fit test. Data are presented as odds ratios with 95% confidence intervals (CI). P Ͻ 0.05 was considered statistically significant.
Results
During the study period, 1753 critically ill patients developed AKI at the time of or during admission to ICU. Their mean (ϮSD) age was 63.2 (16.2) yr, 64% were male, and the mean (ϮSD) SAPS II score was 50. 3 (17.8) . Of these, 48% were postsurgical admissions, and AKI developed a median (IQR) of 3 (1 to 7) d after surgery.
Sepsis was a contributing factor to AKI in 833 (47.5%) patients. The primary sources of sepsis are presented in Table 1 . a Thoracic included pneumonia, lung abscess, mediastinitis, purulent pericarditis epiglottitis, and sinusitis; intraabdominal included biliary sources, pancreatitis, perforated viscous, spontaneous bacterial peritonitis, and liver abscess; endovascular included bacteremia, infective endocarditis, catheter-associated bloodstream infection, infected vascular grafts, and septic thrombophlebitis; hematologic/oncologic/ immunocompromised included febrile neutropenia, post-bone marrow transplant, AIDS-related, and immune suppression; central nervous system included meningitis, ventriculitis, and epidural abscess; skin/soft tissue/bone included cellulitis, necrotizing fasciitis, osteomyelitis, and septic arthritis; other included malaria, dengue fever, and leptospirosis.
Sepsis was the sole contributing factor for AKI in 356 (43%) patients, whereas 320 (38%) had one additional factor and 157 (19%) had two or more additional factors. These additional factors in those with septic AKI included postsurgical status in 204 (24.5%), hypovolemia in 175 (21%), drug-induced toxicity in 155 (19%), and concomitant cardiogenic shock in 127 (15%).
A comparison of the baseline characteristics and physiologic variables between patients with septic and nonseptic AKI are presented in Tables 2 and 3 . Patients with septic AKI were more likely to be medical admissions, had greater severity of illness, and a higher proportion of them required mechanical ventilation and administration of vasoactive medications (Table 2) .
Abnormalities in several hemodynamic and laboratory parameters were greater in septic AKI compared with nonseptic AKI (Table 3) . Septic AKI was associated with higher mean heart rates, respiratory rates, and central venous pressures and lower mean arterial pressures and Glasgow Coma Scale scores. Septic AKI was also associated with greater acidemia and higher serum lactate levels. Likewise, median white blood cell counts were higher.
Details of kidney function and outcomes are summarized in Table 4 . Data on pre-ICU serum creatinine were available for 1326 patients (75.6% of total cohort). Of those with normal premorbid kidney function (n ϭ 840), 34.5% had a RIFLE category of injury and 19.9% had failure at the time of ICU admission. There was a trend for a higher proportion of patients with versus without sepsis to have injury (37.4 versus 31.3%; P ϭ 0.07) but no difference in those with failure. In those with impaired premorbid function (n ϭ 486), 19.4% had a RIFLE category of injury and 7.8% had failure at the time of ICU admission. In these patients, sepsis was associated with a higher proportion of both injury (25.1 versus 15.8%; P ϭ 0.01) and failure (10.9 versus 5.9%; P ϭ 0.05) at ICU admission.
Although there was no significant difference in serum creatinine or urea at the time of enrollment, patients with sepsis had greater changes in serum creatinine from baseline, and a higher proportion fulfilled RIFLE categories for both injury and failure (Table 4) . These findings were similar at the time of initiation of RRT between septic and nonseptic AKI. Oliguria was more common in septic AKI, with fewer patients having received loop diuretics.
Overall, 71% of the entire cohort received RRT with no difference between patients with septic and nonseptic AKI (Table   4, Supplementary Tables 1 and 2 ). Patients with septic AKI were in the ICU longer before initiation of RRT compared with those with nonseptic AKI (2 [0 to 6] for septic versus 1 [1 to 3] d for nonseptic; P ϭ 0.004). This delay in initiation of RRT was independently associated with hospital mortality (Supplementary Table 3 ). A higher proportion of patients with septic AKI received continuous RRT rather than intermittent hemodialysis (IHD), whereas patients with nonseptic AKI were more likely to receive IHD (Table 4 ). There was no significant difference in the median duration of RRT; however, there was a trend for fewer surviving patients with septic AKI to be dependent on RRT at hospital discharge. The serum creatinine levels at hospital discharge were lower in those with septic AKI; however, this difference seemed to be because a greater proportion of patients with nonseptic AKI had premorbid impaired kidney function compared with patients with septic AKI. Similarly, there was no significant difference in RRT dependence at hospital discharge between patients with septic and nonseptic AKI when stratified by premorbid kidney function. For example, for those with normal premorbid function, the rates of RRT dependence at hospital discharge were 5.7% in patients with septic AKI and 7.8% in patients with nonseptic AKI (P ϭ 0.52). For those with impaired premorbid function, 16.7% of patients with septic AKI and 24.7% of patients with nonseptic AKI were dependent on RRT (P ϭ 0.28). Overall, however, for both patients with septic and nonseptic AKI, those with impaired premorbid function had higher rates of RRT dependence compared with those with normal premorbid function (22.6 versus 6.9%; P Ͻ 0.001).
Septic AKI was associated with a higher crude in-hospital case-fatality rate compared with nonseptic AKI (70.2 versus 51.8%; relative risk 1.35; 95% CI 1.3 to 1.5; P Ͻ 0.001). Crude Kaplan-Meier survival curves demonstrated reduced survival in patients with septic compared with nonseptic AKI (Figure 1 ). The median (95% CI) survival for patients with septic AKI compared with nonseptic AKI was 14 (11 to 17) versus 31 (25 to 36) d (P Ͻ 0.001). After adjustment for covariates, septic AKI remained independently associated with a higher odds for death (odds ratio 1.48; 95% CI 1.17 to 1.89; P ϭ 0.001; A sensitivity analysis was performed to determine whether there were any important differences in those with isolated septic AKI (n ϭ 356) compared with those with septic AKI mixed with other contributing factors (n ϭ 477; Supplementary Tables 4 through 6). Overall, there were few clinically important differences between these groups. However, patients with isolated septic AKI were more likely to be medical admissions (23.6 versus 53.6%; P Ͻ 0.0001) and had a higher illness severity score (SAPS II score 55.7 versus 52.9; P ϭ 0.03). Furthermore, patients with isolated septic AKI had a lower enrollment urea (25 versus 30 mmol/L; P Ͻ 0.001) but more oliguria (71.5 versus 64.2%; P ϭ 0.03). Although statistically significant, there was no clinically meaningful differentiation in age, baseline respiratory rate, Glasgow Coma Scale score, or serum pH. There were no differences in the proportion who required RRT, the duration of RRT, RRT modality, or rate of recovery to RRT independence at hospital discharge. Patients with isolated septic AKI had slightly higher median serum creatinine (123 versus 100 mol/L; P ϭ 0.001) and urea (11 versus 9 mmol/L; P ϭ 0.03) values at hospital discharge. In-hospital case-fatality rates were similar for isolated septic and mixed septic AKI (68 versus 72%; relative risk 0.94; 95% CI 0.86 to 1.03; P ϭ 0.17).
Discussion
We conducted a large, multicenter, observational study to describe the characteristics and investigate the clinical outcomes that are associated with septic compared with nonseptic AKI in critically ill patients. We found that patients with septic AKI are clinically distinct and have numerous distinguishing features when compared with those with nonseptic AKI. First, septic AKI was associated with a higher acuity and greater burden of illness as demonstrated by severity-of-illness scores, concomitant nonrenal organ dysfunction, need for mechanical ventilation, and proportion of patients who required vasoactive therapy. Second, septic AKI was associated with greater aberrations in vital signs, markers of inflammation, and blood chemistry. Third, patients with septic AKI were less likely to have impaired premorbid kidney disease, despite no differences in kidney function at study enrollment or in the proportion who received RRT. Fourth, the initiation of RRT in septic AKI generally occurred later after ICU admission compared with nonseptic AKI. Fifth, these distinctive features of septic AKI translated into clinically relevant differences in patient outcomes when compared with nonseptic AKI. For example, septic AKI was coupled with a higher risk for hospital death, even after adjustment for relevant covariates. Furthermore, septic AKI contributed to longer stays in both the ICU and the hospital. Finally, our data suggested a trend toward greater recovery of kidney function to independence from RRT by hospital discharge in those with septic compared with nonseptic AKI.
The findings of our study support and greatly extend those of previous investigations. Sepsis has emerged as the most important and prevalent predictor of AKI in critically ill patients (11, 15, 16, 21) . Two small, single-center, epidemiologic studies found that AKI occurred in 11 to 16% of all critically ill patients with sepsis (15, 16) . However, these studies are limited by their inclusion of only patients with sepsis and, therefore, their inability to compare septic and nonseptic AKI. However, both of these studies found that development of AKI after a diagnosis of sepsis was associated with older age, greater severity of illness, higher central venous filling pressures, greater need for vasoactive support, and lower urine output when compared with those who did not develop AKI. Furthermore, Hoste et al. (15) found that the presence of an elevated serum creatinine or pH Ͻ7.3 at the time when sepsis was diagnosed was associated with an increased risk for AKI (defined as a rise in serum creatinine Ͼ177 mol/L).
In the only other multicenter, epidemiologic study to compare septic with nonseptic AKI, Neveu et al. (11) found that AKI had a septic origin in 46% of patients. This is similar to our findings: Nearly half of all patients with AKI had sepsis. Moreover, in our study, sepsis was found to be the sole contributing factor in 43%. Neveu et al. showed that those with septic AKI were generally older and had greater burden of illness and nonrenal organ failure compared with those with nonseptic AKI. Although these findings are consistent with our data, there are a few notable differences. In particular, despite evidence of more severe AKI at enrollment, only 47% of patients with septic AKI (49% overall) received RRT (11) . Of these, approximately 80% received conventional IHD (83% overall). In addition, many of these patients underwent dialysis against cuprophane membranes, a factor that is recognized to potentially to influence outcome (22) . Whether these differences, specifically the proportion who received RRT, timing to initiate RRT, or chosen modality, are what account for the disparity in a ⌬SCr, change in serum creatinine from baseline; CRRT, continuous renal replacement therapy; IHD, intermittent hemodialysis; PD, peritoneal dialysis; RRT, renal replacement therapy; SLED, slow low-efficiency dialysis.
b Oliguria defined as Ͻ0.5 ml/kg per h output over 6 h. Figure 1 . Kaplan-Meier survival estimates by septic acute kidney injury (AKI; log rank, P Ͻ 0.0001).
survival remains speculative and controversial (23) (24) (25) (26) . Nevertheless, Neveu et al. (11) described an in-hospital mortality of 75% for patients with septic AKI, only modestly higher than the 70% shown in our cohort. In the end, however, both studies were consistent in illustrating that septic AKI was an independent predictor of hospital death (11, 27) . Another finding was that patients with septic AKI were more oliguric in the 24 h preceding enrollment and that use of loop diuretics was less common. This was evident despite higher central venous filling pressures. Oliguria in this cohort seemed to exert an independent effect on hospital mortality as was previously shown (11) . Although diuretics may potentially improve urine output, their impact on clinical outcome remains controversial (28 -30) . Previous studies documented high rates of loop diuretic use in patients with septic AKI (16) . Van Biesen et al. (31) also showed patients with that septic AKI experienced greater oliguria despite having received more diuretics and greater fluid resuscitation and having evidence of higher central venous pressures. We unfortunately are unable to comment on concomitant fluid therapy in our study. However, if central venous pressure were considered a surrogate for fluid resuscitation, then these findings raise important questions about the role of diuretics, fluid therapy, and oliguria in septic AKI.
The findings of our study support the notion that the discrimination of septic and nonseptic AKI may have clinical relevance. They suggest that septic AKI may differ from AKI that is induced by other factors (32) . This concept is supported by recent experimental evidence that septic AKI may have a distinct pathophysiology (12, 13, 33) . This notion is also supported by small clinical studies of septic shock (14, 34, 35) . Furthermore, although septic AKI may be unique, our study also highlights that AKI in critically ill patients is frequently multifactorial in cause, whereby septic AKI is further complicated by additional insults as a result of operative procedures, diagnostic investigations, concomitant drug toxicity, or impaired myocardial function. Regardless of the potential limitations of previous studies of septic AKI (small sample size, retrospective, single center, or surgical only), all consistently found that septic AKI contributed to considerably higher hospital mortality with rates in excess of 70% when compared with nonseptic AKI (11, 15, 16) . Similar to our findings, septic AKI independently portended a worse prognosis. It is interesting that our study also found that RRT was commenced later after ICU admission for septic compared with nonseptic AKI. This was evident despite similarities in serum creatinine and greater oliguria in septic compared with nonseptic AKI at the time of study enrollment and before initiation of RRT. By multivariate analysis, later initiation of RRT after ICU admission was found to be independently associated with hospital mortality. However, we note that the later initiation of RRT may also in part correspond to the subgroup of patients who developed AKI later after admission to ICU and thereby act as a surrogate for ICUacquired AKI. Both later initiation of RRT and delayed occurrence of AKI have been shown to have an adverse impact on hospital mortality (27,36 -38) . These findings have relevance for treatment of the patient with sepsis and AKI. In particular, they raise several considerations on understanding the role of timing, modality, dosage, and pattern of prescription of extracorporeal blood purification therapies specifically in septic compared with nonseptic AKI and how each of these may have an impact on outcome (23,39 -42) .
Finally, we found a trend to suggest that patients with septic compared with nonseptic AKI were more likely to recover renal function to RRT independence by hospital discharge. Overall, there are limited data on renal recovery after septic AKI; however, higher rates of recovery to independence from RRT have been reported (9, 43) . The particular pathophysiologic features of septic AKI compared with nonseptic AKI that may portend an improved rate of recovery remain unknown. However, this trend again suggests that septic AKI may be distinct and that therapeutic strategies in the future may need to be tailored as such.
There are limitations to our study. First, the diagnosis of sepsis was made at the discretion of individual investigators supported by consensus criteria. The accuracy of such an approach is unknown. However, it mimics clinical practice, and this cohort was composed of patients with a clear primary diagnostic condition of septic type (e.g., pneumonia, peritonitis, endocarditis). Second, the definition of AKI in this study was likely biased toward the more severe spectrum of AKI that is encountered in critically ill patients as evidenced by high rates of RRT. It would be consistent with the failure category in the proposed RIFLE classification for AKI (2, 17) . Third, our study was not able to estimate the prevalence of AKI among all patients with sepsis. Fourth, centers opted to participate and contribute data, and this study is observational in design. Although both of these factors may predispose to selection bias, this study represents the largest prospective, multicenter study of septic AKI conducted to date. Finally, no data on long-term follow-up were available beyond hospital discharge. Therefore, whether septic AKI contributes to downstream morbidity and mortality conditional on hospital survival remains unknown.
Conclusion
We conducted a large, multicenter, observational study to document the clinical profile and outcomes of septic AKI in critically ill patients. We showed that septic AKI is associated with a high burden of illness, greater abnormalities in acute physiology and laboratory findings, and greater nonrenal organ failure and need for support when compared with nonseptic AKI. We further showed that septic AKI exerts an important and independent increase in the risk for hospital death. In survivors, septic AKI is associated with prolonged ICU and hospital stays but also a trend toward greater recovery of kidney function. These findings support the concept that septic AKI may represent a unique pathophysiologic condition.
